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LONG-TERM  GOALS 

The  Bureau  of  Meteorology  has  recently  shifted  to  using  ACCESS  (the  Australian  Community  Climate 
and  Earth  Simulation  System),  which  is  based  around  the  assimilation  and  prediction  systems  from  the 
U.K.  MetOffice,  as  its  numerical  weather  prediction  system  for  operations  and  research.  A  re-locatable 
run-on-demand  version  specifically  for  tropical  cyclones  (ACCESS-TC)  has  been  developed  and  is 
presently  in  transition  to  operations,  where  it  will  join  the  already  operational  global,  regional,  tropical 
and  mesoscale  versions.  The  goals  for  ACCESS-TC  are  to;  (i)  support  operational  TC  forecasting  in 
the  Australian  region,  (ii)  support  tropical  cyclone  research  within  Australia,  and  (iii)  support 
operational  TC  forecasting  in  neighbouring  states  such  as  Piji  and  the  Philippines.  ACCESS-TC 
features  a  state-of-the  science  atmospheric  model,  several  options  for  vortex  specification,  and  is  one 
of  the  very  few  tropical  cyclone  NWP  systems  worldwide  to  utilize  4D-Var  assimilation. 

OBJECTIVES 

(a)  To  develop  and  apply  ACCESS-based  numerical  systems  to  perform  nested,  high-resolution  data 
assimilation,  initialization  and  forecast  experiments  for  rapid  and  slow  intensification  events. 
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(b)  To  use  the  outeomes  from  (a)  to  investigate  assimilation,  prediction  and  dynamics  of  environmental 
influences  and  internal  structure  change  during  rapid  intensification  events. 


(c)  To  explore  advanced  hybrid  ensemble-4DVAR  data  assimilation  techniques  to  better  initialize  and 
validate  TC  structures  (including  the  intense  inner  core  and  storm  asymmetries)  consistent  with  the 
large  scale  environment  (LSE)  of  TCs. 

(d)  To  use  sensitivity  experiments  and  ensemble  techniques  to  (i)  understand  the  variability  in 
simulations  of  RI,  and  (ii)  estimate  the  highly  anisotropic,  flow  dependent  error  covariances  required 
for  effective  TC  data  assimilation. 

(e)  To  use  idealised,  synthetic  TC  structures  in  initial  conditions,  to  investigate  the  sensitivity  of  RI 
prediction  to  vortex  structure. 

(f)  To  investigate  the  use  of  additional  data  sources  and  new  assimilation  techniques  for  initialization 
of  intense  TC  vortices  without  the  use  of  a  synthetic  vortex. 


APPROACH  AND  WORK  PLAN 

1.  The  approach  will  centre  on  the  simulation  of  significant  tropical  cyclones  from  around  the 
world,  and  the  detailed  analysis  of  a  number  of  interesting  cases.  These  cases  will  be  chosen  for 
their  interesting  meteorology  and  for  the  availability  of  high-quality  data,  and  will  include 
storms  measured  during  field  programs  including  PREDICT,  ITOP,  T-PARC  and  TCS-08.  The 
purpose  for  simulating  these  storms  is  two-fold;  firstly  to  investigate  the  NWP  systems 
capabilities  and  to  improve  these  through  better  vortex  specification,  data  assimilation,  and 
choice  of  physical  parameterizations,  and  secondly  to  improve  our  understanding  of  tropical 
cyclone  dynamics  through  the  detailed  analysis  of  a  few  significant  case  studies. 

2.  The  key  individuals  involved  are  (i)  Michael  Reeder,  Monash  University,  expert  in  atmospheric 
dynamics,  (ii)  Noel  Davidson,  CAWCR,  expert  in  the  numerical  prediction  of  tropical  cyclones 
and  in  tropical  cyclone  dynamics,  (ii)  Jeff  Kepert,  CAWCR,  expert  in  tropical  cyclone 
dynamics  and  data  assimilation,  (iii)  Peter  Steinle,  CAWCR,  expert  in  data  assimilation 
especially  at  the  mesoscale,  (iv)  Kevin  Tory,  CAWCR,  expert  in  tropical  cyclone  dynamics, 
and  (v)  Craig  Bishop,  NRL,  expert  in  data  assimilation. 

3.  Our  work  plans  for  the  current  year  are  to  simulate  a  number  of  notable  storms,  both  within  the 
Australian  region  and  that  occurred  in  field  experiments  PREDICT,  ITOP,  T-PARC  and  TCS- 
08.  Analysis  of  these  events  will  proceed  on  several  fronts:  (i)  verifying  the  ability  of 
ACCESS-TC  to  produce  good  forecasts  on  a  statistically  significant  number  of  storms,  (ii) 
detailed  analysis  of  cases  where  the  forecasts  were  relatively  poor,  and  (iii)  detailed  analysis  of 
case  studies  of  interesting  events,  particularly  rapid  intensification.  Testing  will  include  the 
tuning  of  the  vortex  specification  within  the  ACCESS  system,  and  the  use  of  field  experiment 
data  to  validate  the  bogus  when  possible.  In  addition,  a  graduate  student  will  be  engaged  at 
Monash  University  to  work  on  the  relationship  between  inner  core  vacillations  and  rapid 
intensification. 


WORK  COMPLETED 


The  main  focus  of  the  project  to  date  has  been  recruitment  of  suitable  scientists  to  perform  the  work.  A 
merit-based  recruitment  campaign  has  resulted  in  the  appointment  of  two  staff:  Dr  Yimin  Ma  has 
commenced  work  and  is  presently  learning  to  use  ACCESS-TC.  His  initial  focus  is  on  simulating 
storms  from  the  ITOP  and  TCS-08  experiments.  Dr  Richard  Dare  is  presently  engaged  on  a  separate 
project  and  will  commence  work  on  this  project  in  June  2011.  Both  scientists  have  previous  experience 
with  NWP  systems  and  with  tropical  cyclone  research,  including  with  the  Bureau’s  previous  NWP 
suite. 

Progress  to  date  has  been  slower  than  anticipated.  One  issue  was  the  initial  delay  in  setting  up  the 
transfer  arrangements  for  the  funds;  unfortunately  recruitment  could  not  commence  until  all 
arrangements  were  in  place  (April).  There  were  significant  delays  in  the  recruitment  process,  due  to  a 
backlog  in  the  Bureau  of  Meteorology’s  human  resources  section  caused  by  some  large  recruitment 
exercises  earlier  in  the  year.  The  final  cause  of  the  slow  progress  is  the  delayed  start  for  the  second 
appointment  (Dr  Dare).  Our  initial  choice  for  that  position  withdrew  his  application,  necessitating  a 
further  search,  and  unfortunately  there  were  no  suitably  qualified  scientists  available  earlier  than  Dr 
Dare.  Nevertheless,  with  these  startup  issues  behind  us,  we  are  confident  of  making  strong  progress 
over  the  coming  year. 

RESULTS 

We  present  a  sample  of  two  early  results  from  the  ACCESS-TC  system.  These  have  not  been  studied 
in  detail  at  present,  but  indicate  the  strong  capabilities  of  the  system. 

North  Atlantic  Hurricane  Danielle  produced  a  near-perfect  72-hour  forecast,  capturing  not  only  the 
track  and  intensification  as  detailed  in  table  1,  but  also  the  expansion  in  size  of  the  storm  (Eig.  1).  Size 
changes  of  tropical  cyclones  have  considerable  operational  significance,  since  the  greater  fetch  leads  to 
a  much  greater  ocean  response  in  both  waves  and  storm  surge. 

Northwest  Pacific  Typhoon  Eanapi  produced  good  guidance  for  the  landfall  of  Typhoon  Eanapi  on 
Taiwan  and  China,  although  the  modeled  movement  was  somewhat  faster  than  observed.  The 
leftwards  displacement  of  the  track  as  Eanapi  passed  over  Taiwan  was  well  captured.  Eanapi  was  a 
significant  storm,  with  reports  of  33  dead  and  42  missing  in  China’s  Guangdong  province. 
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Fig  1  :  Initial  condition  on  28  August  2010  (top  left),  forecast  at  +72  hours  (top  right)  and  verifying 
analysis  (lower  right)  for  Hurricane  Danielle.  Note  the  excellent  forecast  of  storm  position,  intensity 
and  size. 


Eat 

Long 

Central  pressure  (hPa) 

Observed  Danielle  26  Aug  OOFTTC 

22.0 

306.4 

975 

ACCESS-TC  initialization 

21.9 

306.2 

975 

Observed  Danielle  29  Aug  OOUTC 

30.9 

300.8 

958 

ACCESS-TC  forecast 

31.5 

300.9 

953 

Table  1:  Position  and  intensity  details  for  ACCESS-TC  forecast  of  Hurricane  Danielle. 


Fig  2:  Top  row,  initial  condition  valid  at  12UTC  17  Sept  2010  and  forecasts  at  24,  48  and  72  hours,  for 
Typhoon  Fanapi.  Bottom  row,  verifying  analyses  at  the  same  times. 


A  study  of  the  impact  of  vortex  initial  structure  on  forecast  performance  in  the  previous  TC-LAPS 
system  is  presently  under  revision  at  Monthly  Weather  Review  (Ma  et  al.  2010,  Davidson  and  Ma 
2010).  This  study  focused  mainly  on  North  Atlantic  hurricanes,  to  take  advantage  of  aircraft 
reconnaissance  data,  and  found  that  correct  specification  of  the  initial  structure  had  a  large  impact  on 
the  prediction  of  both  structure  and  intensity  in  some  cases,  including  Hurricane  Katrina.  In  contrast, 
track  forecast  was  largely  insensitive  to  the  initial  structure  of  the  vortex.  The  model  forecasts  tended 
to  preserve  the  initial  vortex  structure,  indicating  that  correct  initialization  of  vortex  size  (for  example) 
will  improve  forecasts  of  this  parameter.  This  is  illustrated  in  Fig.  3,  which  shows  the  model  initial 
condition  (i.e.  following  vortex  specification,  data  assimilation  and  diabatic  initialization)  and  48-hour 
forecast  for  three  cases. 


Fig  3  :  The  top  row  shows  the  initialized  radial  profiles  of  tangential  wind  at  975  hPa,  and  the  bottom 
row  the  corresponding  48-hour  forecasts,  for  Hurricanes  Bonnie  (left  column),  Ivan  (middle  column) 
and  Katrina  (right  column).  Each  curve  represents  a  different  analytical  profile  used  in  the  vortex 
initialization  scheme  in  TC-LAPS:  H80  (Holland  1980),  EH  (Enhanced  Holland  1980),  E52  (Eujita 
1952),  EE  (Enhanced  Eujita  1952),  TCH  (TC-EAPS  version  of  Holland  1980),  TCP  (TC-EAPS  version 
of  Eujita  1952),  ACW  (Amended  Chan  and  Williams  1987). _ 


IMPACT  AND  APPLICATIONS 
Economic  Development 

Tropical  cyclones  are  a  major  class  of  natural  disaster,  which  cause  significant  loss  of  life  and 
economic  damage.  Improved  NWP  and  understanding  will  contribute  to  better  forecasts  and  warnings, 
which  are  a  major  part  of  the  effort  to  mitigate  the  effects  of  tropical  cyclones.  In  addition,  more 
accurate  forecasts  can  also  reduce  the  costs  of  preparation,  for  example  by  reducing  the  area  that  needs 
to  be  evacuated. 

Quality  of  Life 

Tropical  cyclones  worldwide  cause  significant  loss  of  life,  ecological  damage,  and  loss  of  amenity. 
Improved  predictions  and  understanding  contribute  directly  to  better  forecasts.  More  accurate  and 


precise  forecasts  lead  to  more  efficient  preparation,  a  lower  chance  of  a  significant  impact  not  being 
forecast,  and  a  reduction  in  the  extent  of  over-warning. 


TRANSITIONS 
National  Security 

ACCESS-TC  is  presently  being  made  operational  by  the  Australian  Bureau  of  Meteorology  for  use  in 
the  coming  cyclone  season  (southern  summer).  Subsequent  work  will  extend  operational  running  into 
neighboring  regions,  including  the  vicinities  of  Fiji  and  the  Philippines.  Track  and  intensity  forecasts 
from  the  system  will  be  supplied  to  the  U.S.  Joint  Typhoon  Warning  Center  and  other  international 
agencies. 

Economic  Development 

The  operational  transition  of  ACCESS-TC  will  start  to  realize  the  economic  benefits  noted  in  the 
previous  section. 

Quality  of  Life 

The  operational  transition  of  ACCESS-TC  will  start  to  realize  the  quality  of  life  benefits  noted  in  the 
previous  section. 

RELATED  PROJECTS 

Several  projects  within  CAWCR  are  closely  related  to  the  present  project.  These  fall  within  the  Earth 
System  Modelling  program  (http://www.cawcr.gov.au/research/esm/index.php)  and  relate  to  the 
development  and  operational  implementation  of  the  ACCESS  system.  The  initial  operational 
implementation,  known  as  APSO,  is  largely  complete.  The  follow-up  APSl  project  will  bring  increased 
resolution,  use  of  some  additional  satellite  data  in  the  assimilation,  updates  of  the  assimilation  and 
model  software,  and  some  rationalization  of  the  model  domains.  Other  related  projects  include  the 
research  implementation  and  testing  of  an  ensemble  prediction  system  based  on  that  at  the  MetOffice 
and  using  the  Ensemble  Transform  Kalman  Filter  method,  and  the  development  of  a  coupled 
atmosphere-ocean  tropical  cyclone  model  in  collaboration  with  the  Oceanography  program  within 
CAWCR. 

PUBLICATIONS 

At  this  early  stage,  there  are  no  publications  directly  attributable  to  this  project.  The  following  list  is  of 
related  publications  from  the  project  personnel  over  the  present  year.  These  publications  demonstrate 
the  strong  scientific  capabilities  of  the  project  partners,  and  will  help  lay  the  foundation  for  the 
postdoctoral  fellows  and  graduate  students  who  are  or  will  be  funded  by  the  NOPP. 
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